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ACFM 
cc (ml) 
DSCFM 
DS&lL 
DEC-F ( O F )  

DIA. 
FP 
FT/SEC 
0 

ZPM 
CRfACF 
CWDSCF 
g/dscm 
HP 
H RS 
IN. 
IN.HC. 
IN.WC. 
LB 
LB/DSCF 
LB/HR 
LB/106L?TU 
LB/MMBTU 
LTPD 
M W  
mg/Nm3 
ug/Nm' 
microns (urn) 
MIN. 
"g 
ohm-cm 
PM 
PPH 
PPM 
PPmC 
PPmd 
P P m w  
PPt 
PSI 
SQ.FT. 
TPD 
us 
v/v 
w/w 
< 

ABBREVIATIONS 

aiiual cubic feet per minute 
cubic centimeter (milliliter) 
dry standard cubic foot of dry gas per minute 
dry standard milliliter 
degrees Fahrenheit 
diameter 
finished product for plant 
feet per second 
gram 
gallons per minute 
grains per actual cubic foot 
grains per dry standard cubic Foot 
grams per dry standard cubic meter 
horsepower 
hours 
inches 
inches of mercury 
inches of water 
pound 
pounds per dry standard cubic foot 
pounds per hour 
pounds per million British Thermal Units heat input 
pounds per million British Thermal Units heat input 
long tons per day 
megawatt 
milligrams per dry standard cubic meter 
micrograms per dry standard cubic meter 
micrometer 
minutes 
nanograms 
ohm-centi meter 
particulate matter 
pounds per hour 
parts per million 
parts per million carbon 
parts per million, dry 
parts per million, wet 
parts per trillion 
pounds per square inch 
square feet 
tons per day 
m icrogram s 
percent by volume 
percent by weight 
< (when following a number) 

Standard conditions are defined as 68°F (2OoC) and 29.92 IN. of mercury pressure. 
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INTRODUCTION 

On July 14, 1999 Interpoll Laboratories personnel conducted an air emission 

compliance test on the Mathy-American Asphalt Plant No. 41 located in Hatley, Wisconsin. 

The plant was tested while fired with waste oil. On-site testing was performed by Scott 

Fjelsta, Mike Smith, and Noah Michaelsen. Coordination between testing activities and plant 

operation was provided by Terry Manter of American Asphalt. The tests were witnessed by 

Andy Seeber and Eric Cessert of the Wisconsin Department of Natural Resources. 

Testing on the No.41 Asphalt Plant Stack was conducted from six test ports evenly 

spaced across the face of the stack. The ports are located 2.94 diameter equivalents 

downstream of the nearest flow disturbance and .71 diameter equivalents upstream of the 

stack exit. A 30-point traverse was used to collect representative particulate samples. Each 

traverse point was sampled 2 minutes to give a total sampling time of 60 minutes per run. 

Particulate determinations were performed in accordance with EPA Methods 1 - 5, 

CFR Title 40, Part 60, Appendix A (revised July 1, 1998). A preliminary determination of the 

gas linear velocity profile was made before the first particulate determination to select the 

appropriate nozzle diameter for isokinetic sample withdrawal. An Interpoll Labs sampling 

train which meet or exceed specifications in the above-cited reference was used to extract 

particulate samples by means of heated glass-lined probes. A one hour opacity determina- 

tion was run simultaneously with Run 3 in accordance with EPA Method 9. 

The 0,, CO,, SO, determinations were performed in accordance with CFR Title 40, 

Part 60 Appendix B (revised July 1, 1998). Evaluations were performed in accordance with 

EPA Methods 3A and 6C . For oxygen analysis, a slip stream of sample gas was withdrawn 

from the exhaust gas stream using test ports (provided by the plant) on the stack using a heat- 

traced probe and filter assembly. After passing through the filter, the gas passed through two 

condenser-type moisture removal systems operating in series. The particulatefree dry gas 

was then transported to the oxygen analyzer with the excess exhausted to the atmosphere 

through a calibrated orifice which was used to ensure that the flow from the stack exceeds 

the requirements of the analyzer. For SO, and CO, analysis, a dilution probe based system 

was used. In this system, a slip stream of exhaust gas is  drawn from the exhaust gas stream 

using an EPM dilution probe. The sample stream is filtered and diluted (dilution during this 



test was 1OO:l)  before delivery to the SO, and CO, analyzers. The analog response of the 

analyzers in both.systems was recorded using a computer data logger and backed up with 

a strip chart recorder. 

The 0,, SO,, and CO, analyzers were calibrated with National Specialty Gases and 

Air Products and Chemicals standard gases. The instruments were calibrated before and after 

each run as per EPA Method 3A and 6C. The sample probe was moved through a three- 

point traverse (116, 3/6, 5/6 of the stack diameter) to measure total hydrocarbon and carbon 

monoxide concentrations. 

The important results of the test are summarized in Section 2. Detailed results are 

presented in Section 3. Field data and all other supporting information are presented in the 

appendices. 

2 



2 SUMMARY A N D  DISCUSSION 

The important results of the air emission compliance tests are summarized in Tables 

1-2. The PM results have been calculated using the dry catch (Table 1). An overview of al l  

results i s  presented in the tables on the following pages: 

w D 

N0.41 ASPHALT PLANT STACK 
P M  
DRY CATCH ONLY . . . . . .  (CRJDSCF) 0.04 0.01 07 

. . . . . . . . . . . . . . . . . . .  (LB/HR) N/A 2.62 
Sulfur Dioxide 

. . . . . . . . . . . . . . . . . . .  (ppm,w) N / A  40.93 

. . . . . . . . . . . . . . . . . . .  (LB/HR) NIA 16.986 
Opacity 

. . . . . . . . . . . . . . . . . . . . . .  (%) 20% 2.02 

N o  difficulties were encountered in the field by Interpoll Labs or in the laboratory 

evaluation of the samples which were conducted by Interpoll Labs. On the basis of these 

facts and a complete review of the data and results, it i s  our opinion that the results reported 

herein are accurate and closely reflect the actual values which existed at the time the test was 

performed. 

3 
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SO2 EMISSIONS CALCULATIONS 0 - 
Mathy I Amrican Asphalt Plant # 41 

Sulfur in Burner Fuel 

S = 0.47% by weight 

Mass of Oil = 7.39 lblgallon 

Mass Flow of Sulfur Dioxide from the Burner 

Burner fuel use = 461 gllonslhour. 
461 gallons l hour x 7.399 Ibslgallon x .47/100 sulfurloil x 2 S 0 2 l S  = 

32.02 Ibs S02lhour generated in the plant drum by combustion. 

Mass Flow of Sulfur Dioxide from the Plant Stack 

16.986 lbslhour 

Sulfur Dioxide Capture Efficiency 

EF = 100 x (Burner SO2 - Stack SO2) I Burner SO2 

EF = 46.95 % 

comp\plt\soZtest 
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Table 2. Summary of the Results of the Sulfur Dioxide Emission Compliance Tests on 

the No. 41 Asphalt Plant Stack. 

Time Concentration Emission Rate 

Date IHRS) Ippm.w) (LBIHR1 

No. 41 Asphalt Plant 

7-1 4-99 0800-0902 42.25 17.342 

7-1 4-99 0930-1 032 42.49 17.620 

7-1 4-99 1055-1 156 38.04 15.99.Z 

Avg 40.93 16.986 

5 



3 RESULTS 

The results of all field and laboratory evaluations are presented in this section. Orsat 

(gas composition) and moisture is  presented first followed by the computer printout of the 

particulate, sulfur dioxide and opacity results. Preliminary measurements including test port 

locations are given in the appendices. 

The results have been calculated on a personal computer using programs written in 

Extended BASIC specifically for source testing calculations. EPA-published equations have 

been used as the basis of the calculation techniques in these programs. The emission rates 

have been calculated using the product of the concentration times flow method. 

6 



3.1 Results of Orsat and Moisture Determinations 
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I n t e r p o l 1  L a b s  R e p o r t  N o .  9-13123 
M a t h y - A m e r i c a n  A s p h a l t  

H a t l e y ,  W i s c o n s i n  

T e s t  No. 1 
A s p h a l t  P l a n t  N o .  41 S t a c k  

R e s u l t s  o f  O r s a t  B M o i s t u r e  A n a l y s e s - - - - - M e t h o d s  3 & 4 ( S v / v )  

D a t e  o f  r u n  

D r y  b a s i s  ( o r s a t )  

Run 1 Run 2 Run 3 
07-14-99 07-14-99 07-14-99 

c a r b o n  d i o x i d e  . . . . . . . . . . . .  6.41 

o x y g e n . . .  . . . . . . . . . . . . . . . . .  11.75 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  81.84 

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . . . . . . . . . . . .  4.45 

o x y g e n . . . . . .  . . . . . . . . . . . . . .  8.17 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  56.88 

w a t e r  v a p o r  . . . . . . . . . . . . . . .  30.50 

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  29.50 

Wet m o l e c u l a r  w e i g h t  . . . . . . . .  25.99 

S p e c i f i c  g r a v i t y  . . . . . . . . . . . .  0.898 

W a t e r  mass f l o w  . . . . . .  ( L B / H d )  35271 

6.83 6.83 

11.51 12.32 

81.66 80.85 

4.52 

7.62 

54.06 

33.79 

29.55 

25.65 

0.886 

40112 

4.66 

8.41 

55.16 

31.77 

29.59 

25.90 

0.895 

37644 

F O  1.427 1.375 1.256 

a 
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e 3.2 Results of Particulate Determinations 

e 
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I n t e r p o l 1  Labs  R e p o r t  N o .  9-13123 
M a t h y - A m e r i c a n  A s p h a l t  

H a t l e y ,  W i s c o n s i n  

T e s t  No. 1 
A s p h a l t  P l a n t  N o .  41 S t a c k  

R e s u l t s  o f  P a r t i c u l a t e  L o a d i n g  D e t e r m i n a t i o n s - - - - - - - M e t h o d  5 

D a t e  o f  r u n  
Run 1 Run 2 Run 3 

07-14-99 07-14-99 07-14-99 

T ime r u n  s t a r t / e n d  . . . . . (  HRS) 800/ 901 930/1033 1055/1158 

S t a t i c  p r e s s u r e  . . . . . .  (1N.WC) -0.94 -0.94 -0.94 
C r o s s  s e c t i o n a l  a r e a  ( S Q . F T )  13.69 13.69 13.69 
P i t o t  t u b e  c o e f f i c i e n t  . . . . . .  .84 .84 ,84 

W a t e r  i n  samp le  g a s  
c o n d e n s e r  . . . . . . . . . . . . .  (ML) 0 . 0  0 . 0  0 . 0  
i m p i n g e r s . .  . . . . . . . .  (GRAMS) 385.0 453.0 397.0 
d e s i c c a n t  . . . . . . . . . .  (GRAMS) 20.0 22.0 22.0 
t o t a l . .  . . . . . . . . . . . .  ( G R A M S )  405.0 475.0 419.0 

T o t a l  p a r t i c u l a t e  m a t e r i a l . .  
. . . . . . . . . .  0.0292 0.0321 c o l l e c t e d ( g r a m s )  0.0291 

. . . . . . .  0.9972 0.9972 Gas m e t e r  c o e f f i c i e n t  0.9972 
B a r o m e t r i c  p r e s s u r e . .  ( I N . H G )  28.56 28.56 28.56 
Avg .  o r i f . p r e s . d r o p . . ( I N . W C )  1.90 1.83 1.69 
Avg .  gas  m e t e r  t e m p . . ( D E F - F )  66.1 70.0 63.9 

Volume t h r o u g h  gas  m e t e r  . . . .  
a t  m e t e r  c o n d i t i o n s  . . .  ( C F )  45.35 46.07 44.05 
s t a n d a r d  c o n d i t i o n s . ( D S C F )  43.51 43.88 42.43 

T o t a l  s a m p l i n g  t i m e  . . . . (  M I N )  60.00 60.00  60.00 
N o z z l e  d i a m e t e r  . . . . . . . . .  ( I N )  .252 .252 .252 
A v g . s t a c k  g a s  temp . . ( D E G - F )  259 257 254 

V o l u m e t r i c  f l o w  r a t e .  . . . . . . .  
a c t u a l  . . . . . . . . . . . . . .  ( A C F M )  58959 60381 60016 
d r y  s t a n d a r d  . . . . . . .  (DSCFM) 28648 28015 28820 

I s o k i n e t i c  v a r i a t i o n  . . . . .  ( t )  100.1 103.2 97.0 

P a r t i c u l a t e  c o n c e n t r a t i o n . .  . 
. . . . . . . . . . . .  0.00510 a c t u a l  ( G R / A C F )  0.00501 0.00524 

d r y  s t a n d a r d  . . . . .  (GR/DSCF) 0.01032 0.01129 0.01062 

P a r t i c l e  mass r a t e  . . . (  L B / H R )  2.534 2.711 2.623 



e 

e 

3.3 Results of Opacitv Determinations 



RcponNo. 9-13133 
Mathy conrtructian 

Hallcy. Wisconsin 

Tin No. I 
Plmtl4l S m k  

RESULTS OF OPACITY OBSERVATIONS EPA Method 9 

SECONDS 

Average Opacity 
Highest six-minute average 

DbYna: Mi thd  Smith 

Dric ofobwwation : 7114/99 
TimeafObwwsion' 1058-1 158 

c n  DW : mrw 

2.02 
6.88 

6.88 
6 25 
5 63 
4.79 
4.58 
4.38 
4.38 
3.96 
3.7J 
3.33 
2.71 
2.29 
2.29 
1.88 
1.88 
1.88 
1.67 
1.46 
1.04 
1.04 
0.83 
0.83 
1.M 
1 . 0 4  
0.83 
0.63 
0.42 
0.21 
0.21 
1.04 
1.46 
2.08 
2.92 
3.13 
3.54 
2.71 
2.71 
2.29 
1.46 
1.25 
0.63 
0 63 
0.21 
0.w 
0.21 
0.21 
0 21 
0 21 
0 21 
0.21 
0.W 
0.W 
0.21 
021 
0.21 
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0 VISIBLE EMISSIONS 
EVALUATOR 

This is to certify that 

met the specifications of Federal Reference Method 9 
and qualified as a visible emissions evaluator. 
Maximum deviation on white and black smoke did not 
exceed 7.5% opacity and no single error exceeding 
15% opacity was incurred during the certification test 
conducted by Eastern Technical Associates of Raleigh, 
North Carolina. This certificate is valid for six months 
from date of issue, 

0 

270121 Mhneapoks, Mhesota  April 7,1999 
Cedincate N u m b e r  tccaon Date of l v e  . .  .i .. 

. . . .  . . . . . . .  
. . . . . . . . . .  . .  

. .  . .  

.J .+.; , ' 

I . . . . . . . . . .  
. . . .  

0 
... 
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e 3.4 Results of Sulfur Dioxide Determinations 
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Interpol1 Labs Report No. 9-13123 

Mathy / American Asphalt 

Hatley, WI 

Test No. 1 

No. 41 AsDhalt Plant Stack 

Results of Sulfur Dioxide Determinations Method 6C 

Date of run 

Time run stadend (HRS) 

Total sampling time (MIN) 

Moisture content (%VN) 

Oxygen content (%VN dry) 

Volumetric flow rate (DSCFM) 

SO, concentration 

ppm wet 

SO, emission rate (LBIHR) 

Run 1 Run 2 

7-0 7-9 9 7-07-99 

0800-0902 0930-1032 

60 60 

30.48 33.77 

11.75 11.51 

28656 27580 

42.25 

17.342 

Run 3 

7-07-99 

1055-1 156 

60 

31.03 

12.32 

291 27 

42.49 38.04 

17.62 15.997 



4 RESULTS OF FUEL ANALYSIS 
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S i Y - l F Y Y  MON IO:@ INTERPOLL LABORATORIES FAX NO. 612 786 7854 P. 04 

INTERPOLL LABORATORIES, INC. 
(61 2)Y86-6020 

Mathy Construction 
Sample Log No. 13123-09 

Results of Was& Oil Analysis 
;- 

Source: Plant No. 41 

Sample Description: Test 1 

Sample Type: Waste Oil 

Parameter Units Method AS Received 

Gross heating value BTURB ASTM D240 18254 
a ?  ASTM D129 0.4P Sulfur 

Ash %  AS^ ~ 4 8 2  0.63 

Moisture 0% ASTM 095 5.60 

Density LBIGAL at 60°F ASTM D1298 7.379 

Specific gravity 60/60°F ASTM 01288 0.8860 

Respectfully submitted, 

David Schnelder, Manager 
Chemistry Department 

'As requested by Mathy Construction, the sample was analyzed follawing the uted 
ASTM method. This method, however, is not applicable to the analysis of used oils. 

Revised 
9110199 

0 



APPENDIX A 

SAMPLING TRAIN CALIBRATION DATA 



INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

Stack Sampling Department - QA 
Aneroid Barometer Calibration Sheet 

Actual Mercury Ambient Temperature Adjusted Mercury Initial Aneroid Difference 
Barometer Read Temp. Correction Barometer Read Barometer Read (Pba - Pbm) 

Factor 

d7.33 7 e  ’ .I27 2% 2c 2 4.02- . /9 
- 

Date 7 /  4 q . i  
Technician < ‘ A =  L-!\b 
Mercury Column Barometer No. 
Aneroid Barometer No. p t L s C , C l l C i C  

- 
i- \L LJL 

Has this barometer shown any consistent problems with calibration? YeslNo. If yes, explain. 0 

Has problem been alleviated? Yes/No. How? 

Note: Aneroid barometers will be calibrated periodically against a mercury column barometer. The aneroid 
barometer to be calibrated should be placed in close proximiry to the mercury barometer and left 
to equilibrate for 20 - 30 minutes before calibrating. Aneroid barometer will be calibrated to the 
adjusted mercury barometer readings. 

01 179-K;:\STACK\WWORMN-3 12 
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INTERPOLL LABORATORIES, INC. 
(6  12) 786-6020 

e Temperature  Measurement Device Calibration Sheet 
Unit Under Test: 
Vendor O,hi&a 
2Model (-,& Serial Number , 7 Y 3 * 1 1 1 4  
Range 0 2/06 O F  Thermocouple Type I< 

Date o i  Calibration 7 / 1 4 / 5 5  Technician . . ' <,: * &LA- 
,Method of Calibration: POT No. 4 0  ' 
D 

P 
Comparison against ASTM mercury in glass thermometer using a thermostared and insulated aluminum block designed to provide 
uniform temperature. The temperature is  adjusted by adjusting the voltage on [he block heater carrridge. 
Omega Model CL-300 Type K Thermocouple Simulator which provides 22 Precise temperature equivalent millivolt signals, The CL.]OO 
IS cold junaion compensated. Calibration accuracy is r 0.1% of span (2100'Fl -I 1 degree (for negative temperatures add i. 2 
degrees). The CL-300 simulates exaaly the millivoltage of a Type K thermocouple at the indicated temperature. 

OUnir in tolerance OUnit was nor in tolerance: recalibrated - See new calibration sheet. 
01 199 j-C;\STACK\WP\FORMS~5133 
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INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

Temperature Measurement Device Calibration Sheet 
nit Under Test: 

4 

4 

Vendor 
.Model 
Range 
Date of 
Method 
e 

c :r* e<:, , .. 
I4 +\>J, Serial Number '7.-Tx.@pj- L 
O . l \ t c  .? I- 'F Thermocouple Type . 

Calibration '7 /,Ll55 Technician qc, * 2 C /&- , 
~ of Calibration: POT No. /. c. 

Comparison against 6 T M  mercury in glass thermometer using a thermostaned and insulated aluminum block designed to provide 
uniform temperature. The temperature is adjusted by adjusting the voltage on the block heater cartridge. 
Omega Model CL-300 Type KThermocouple Simulator which provides 22 precise temperature equivalent millivolt signals. The CL.300 
is  cold junction compensated. Calibration accuracy i s  k 0.1% o i  span (2100°fl k 1 degree (for negative temperatures add = 2 

("0 Nominal Standard or Simulated 

900 

2000 

Dun i t  in tolerance OUnit was not in tolerance: recalibrated  see new calibration sheet. 
01 1995-C:~TACK\WRFOR.L1S~SJ33 
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INTERPOLL LABORATORIES, INC. 
(6 12) 786-6020 

EPA Method 3 Gas Metering System Quality Control Check Data Sheet 

- 
Time Volume Meter Temp ( O F J  

(mtn) (CFJ 
Inlet Outlet 

Calculate Y, as follows: 

/ ya7 a 1. 0 0 5  

I f  Y,  is not within the range o i  0.97 to 1.03, "the volume metering system should be invesrigated before 
beginning." 

CFR Title 40, Pan 60, Appendix A .  dkterhod 5, Secrion 4.1.1 
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VI 
3 
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a 
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0 
Z 
5 
M 

W 
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Interpoll Laboratories 
(61 2)  786-6020 

Nozzle Calibration Data Sheet 

Date of Calibration: 
Technician: S. Fjelsta 
Nozzle Number: 4-4 

July 14, 1999 

The nozzle i s  rotated in 60 degree increments and the diameter at each point is measured 
to the nearest 0.001 inch. The observed readings and average are shown below. 

Position Diameter 
(inched 

1 

2 

0.252 

0.252 

3 0.252 

Average 0.252 

e 

A - 7  
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MATHY CONSTRUCTION COMPANY - ENVIRONEENTAL 
SAMPLING SITE DETAIL 

I)" i mens i on s : 

hidth = 7 7  inches 

Length = 27 inches 

~quiv-Diameter = 2 L W = 3q.qz inches 
- a s  ( L  + W )  

of Ports = 6 NO. of Traverse Points 

side Port Spacing = 6 inches 

i de Port Spacing = - 11 inches 

6--- 

3 0 0 0 0 0  

--\- 
I 
I 
8 
I 
I 
1 

I 

I 

1 

28' 
I 
I 

I 
I 
I 
I 
I 
I 
I 

11:- 
I 
I 
I 
I 
I 
I 
I 
I 

. - 

--_ 
- - .  Z Y  

<--Damper 

. 
B- 1 
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INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

EPA Method 2 Field Data Sheet 

Cross-section 
View 

Elevation 
View 

Stack Dimen. 7 3 f  Ll IN. 

Manometer @'Reg. UExp OElec. 
Barometric Pressure w . i-u IN.HC 
Static Pressure .- - IN.WC 

Dry Bulb O F  Wet bulb O F  

Operators 5-,7l F\<l,L f d  G % L -  ,-,c G-LU c- 

Pitot No. c z 2 - G  c- A P 7  

03 25 94-C:\STACK\WP\FO RiblS\S-3 92.1 



INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

Interpoll Laboratories EPA Method 5/202 Sample Log Sheet 

lob  me*, 
Source PLC # y /  S h , / <  

Method < 

Sample train Leak Check: 
Pretest: 5 0.02 cfm @ 15 In. Hg (vac) 
Post test $ - . C S  d m  @J / 3  Hg (vac) 

Particulate Catch Data 
No. of filters used 

Y 7 7  

Date z/i~hs Test I Run I 

No. of traverse points 3 6  
Filter holder 61- I J  Filter Type Y"LL, ,  F.' L j  

Recovery Solvents 
Acetone J 

Others 

No. of probe wash bottles: i 
Sample recovered by: 5p 

Condensate Data: 

0 
@ 

EPA Method 202 Data: 

Tare weight of imp catch jar: 

Integrated Bag Sample: 
Bag Pump No. 
Bag Material 5-laver a l u m i n i z d T  
Pretest Leak Check: h .Hg 
Timestart: / Time End 

S/N of 0 2  Analyzer 

p H  of lmpinger Catch: z Time: Date: 

J 

Box No. B a g  No. ___ 
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INTERPOLL LABORATORIES, INC. 

Interpoll Laboratories EPA Method 5/202 Sample Log Sheet 
(612) 786-6020 

Job k.tly! Date 7tLacjciirest / Run L 
Source PIcvr+ +k.cii \I-ZLK No. of traverse points 3 2  

Method - Filter holder Qh-k> Filter Type c 1 " c i ~ ~ ~  Ch- 

Sample train Leak Check 
Pretest: 50 .02  cfm @ 15 In. H g  (vac) r/ 

Post test k a ,  Ldcfm @ / r H g  (vac) J 

Particulate Catch Data 
No. of filters used Recovery Solvents 

9 yo Acetone r /  

Others 

+- No. of probe wash bottles: 
Sample recovered by: 

0 

Time: Date: 
Tare weight of imp catch jar: g 

EPA Method 202 Data: 
pH of lmpinger Catch: 

Integrated Bag Sample: 
Bag Pump No. 
Bag Material 5-laver aluminized Ted1 
Pretest Leak Check: In.Hg 
Time Start: 

S/N of 0 2  Analyzer 

ag No. - 

% 

G.Uu.ck\WP\Foms&do46 
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INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

Interpol1 Laboratories EPA Method 9 2 0 2  Sample Log Sheet 

Date -P//r/$est I Run 3 Job bL+ 

Source PI-t ftq( X h c K  No. of traverse points 3i: 
Method - Filter holder h / ~ i ,  FilterType L/ ‘k//LIII /Z;J,<* 

Sample train Leak Check: 
Pretest: 5 0.02 cfm @ 15 In. Hg (vac) 
Post test 5 3.CQcfm @ L H g  (vac) J 

Particulate Catch Data 
No. of filters used Recovery Solvents 

J 9 e ~  Acetone 
Others 

No. of probe wash bottles: 
Sample recovered by: <F 

/ 

Condensate Data: 

e 
1c,7 

EPA Method 202 Data: 
pH of lrnpinger Catch: Time: Date: 
Tare weight of imp catch j 

Integrated Bag Sample: 
Bag Pump No. 
Bag Material 5-laver alurni 
Pretest Leak Check: In.Hg 
Time Start: 

SIN of 0 2  Analyzer 

Box No. - Bag No. - 
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INTERPOLL LABORATORIES, INC. 
(612) 786-6020 

GRAVIMETRICS DATA SHEET 
Source 7 A d  &q/ 
Test No. ,/ 

H47 k r y r v  

01 0397C:KTACK\WP\FORM.%-49 1 
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APPENDIX E 

COMPUTER DATALOGGER PRINTOUTS 



Time 
8:OO AM 
8:Ol AM 
8:02 AM 
8:03 AM 
8:04 AM 

8:06 AM 
8:07 AM 
8:08 AM 
8:12AM 
8:13 AM 
8:14 AM 
8:15 AM 
8:16AM 
8:17AM 
8:18 AM 
8:19 AM 
8:20 AM 
8:21 AM 
8:22 AM 
8:23 AM 
8:24 AM 
8:25 AM 
8:26 AM 
8:27 AM 

8:29 AM 

8:31 AM 
8:32 AM 
8:33 AM 
8:34 AM 
8:35 AM 
8:36 AM 
8:37 AM 
8:38 AM 
8:39 AM 
8:40 AM 
8:41 AM 
8:42 AM 

- 

~ : O ~ A M  

8:2a AM 

a:30 AM 

Mathy Construction 
Hately, WI 

Plant NO. 41 Stack 
7/14/99 
Run 1 

SO2 DDm. W 0 2  %. d CO2 %. W 

42.68 11.97 4.55 
44.28 
43.29 
43.03 
42.68 
42.67 
40.96 
40.06 
42.56 
38.15 
38.18 

37.65 
38.09 
37.21 
37.90 
38.88 

39.97 
41.28 
43.34 
43.79 
43.32 
43.07 
43.00 
43.38 
44.23 
44.87 
45.08 
44.68 

43.63 
42.80 
43.51 

43.99 
44.34 
44.21 
44.33' 
44.04 

38.01 

38.84. 

4 . 0 8  

43.86 

11.79 
11 .89 
11.90 

11.92 
11.93 
11.99 
12.02 
12.83 
12.66 
12.57 
12.66 
12.44 
12.35 
12.17 
12.02 
12.03 
12.02 
12.01 
11.97 
11.95 
11.90 
11 80 
11.62 
11 .a  
11.70 
11.71 
11.62 
11.68 
11.67 
11.67 
11.74 
11.61 
11.61 
11.72 
11.69 
11.70 
11.59 
11 5 4  

i i .a9 

4.63 
4.51 
4.67 
4.61 
4.57 
4.49 
4.45 
4.68 
4.39 
4.47 
4.43 
4.33 
4.36 
4.32 
4.49 
4.63 
4.56 
4.60 
4.57 
4.65 
4.75 
4.68 
4.69 
4.69 
4.69 
4.79 
4.76 
4.76 
4.69 
4.69 
4.84 
4.73 
4.75 
4.75 
4.66 
4.79 
4.75 
4.76 
4.77 

r .  

1 



8:43 AM 
8:44AM 
8:45 AM 
8:46AM 
8:47AM 
8:48 AM 
8:49 AM 
8:50 AM 
8:51 AM 
8:52 AM 
8:53AM 
8:54 AM 
855 AM 
856 AM 
8:57AM 
8:58AM 
8:59 AM 
9:00 AM 
9:Ol AM 
9:02 AM 

Average 

42.24 11.52 4.70 
42.16 11.58 4.86 
42.84 11.66 4.78 
43.07 11.62 4.76 
41.86 11.61 4.71 
40.95 11.63 4.64 
42.20 11.55 4.82 
42.33 11.60 4.79 
42.27 11.68 4.70 
41.70 11.64 4.64 
41.59 11.61 4.64 
41.30 11.60 4.80 
41.81 11.59 4.76 
41.92 11.52 4.74 
42.51 11.49 4.74 
43.11 11.48 4.69 
44.18 11.42 4.82 
43.49 11.40 4.81 
42.66 11.50 4.73 
42.26 11.52 4.71 

42.17 11.81 4.66 

E-2 



Mathy Construction 
Hatley. WI 
Plant No. 41 Stack 

VOLUMETRIC FLOW RATE 
NUMBER OF SAMPLE POINTS 

PT. NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

AVERAGE 

MOISTURE CONTENT 
METER VOLUME 
AVERAGE METER TEMP 
GAS METER COEF. ( Y )  
GAS METER DELTA H@ 
GRAMS OF WATER 
BAROMETRIC PRESSURE 

A-1 
-2 
-3 
-4 
-5 

B- 1 
-2 
-3 
-4 
-5 
c- 1 
-2 
-3 
-4 
-5 

D- 1 
-2 
-3 
-4 
-5 
E-1 
-2 
-3 
-4 
-5 
F-1 
-2 
-3 
-4 
-5 

STANDARD METER VOLUME 
MOISTURE CONTENT 

DELTA P 
1.2 

1.35 
1.4 
1.35 
1.2 
1.2 
1.4 

1.45 
1.2 

1.15 
1.3 
1.4 
1.3 
1.5 
1.4 
.76 
1.3 
1.5 
1.1 
1.1 
.47 
.57 
1.1 
.93 
.81 
.34 
.56 
.59 
.57 
.45 

1.065 

DATA 
45.35 
66.1 

0.9972 
1.79 
405. 
28.56 

43.506 
30.481 

7/14/99 
Test 1 Run 1 

SQ. RT P 
1.095 
1.162 
1.183 
1.162 
1.095 
1.095 
1.183 
1.204 
1.095 
1.072 
1.14 
1.183 
1.14 

1.225 
1.183 
.872 
1.14 
1.225 
1.049 
1.049 
,686 
.755 

1.049 
.964 

.9 
.583 
.748 
,768 
.755 
,671 
1.014 

FLOW RATE 

30 

STATIC PRESSURE 
PITOT COEF. 

TIME TEMP - 
259.1 8:OOAM 
259.1 
259.1 
259.1 

259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 
259.1 

, 259.1 

-.94 
0.84 

DUCT WIDTH(IN1 73 
DUCT LENTGH(IN) 27 
DUCT AREA (SQ.FT.1 13.688 
STACK DIA. (IN) 
STACK AREA (SQ.FT.) 

Page 1 



OXYGEN % 
co 2 % 

1 1.747 
6.408 

STANDARD CFH 2,473,251 
K STANDARD CFM 41.221 

Mathy Construction 
Hatley. WI 
Plant No. 41  Stack 

MOLECULAR WEIGHT (DRY) 29.495 
MOLECULAR WEIGHT (WET) 25.991 
STACK PRESSURE 28.491 
FEET PER SECOND 71.788 
ACTUAL CFM 58956. 
DRY STANDARD CFM 28656.22 

7/14/99 
Test 1 Run 1 

FIELD CALCULATIONS 

RAW DATA TABLE 

INSTRUMENT 
0 2  (dry) 
C02 (wet) 
SO2 (wet) 

MOISTURE 
FUEL FACTOR C 
DSCFM 

PPMOR % ZERO SPAN GAS 
11.81 0.09 11.07 11. 
4.66 0.14 11.20 10.9 

42.17 0.39 89.20 89.8 

30.48 STANDARD CFH 
K STANDARD CFM 

28656.2 

0 2  56 (dry) 11.75 

C02 % (dry) 6.41 

SO2 (dry) 60.77 

RESULTS 

SO2 LBSlHR 

Fo 

Page 2 

F-4 

11.75 dry 

4.45 wet 
42.25 wet 

2.473.251 

41.221 

17.342 

1.428 



- Time 
9:30 AM 
9:31 AM 
9:32 AM 
9:33 AM 
9% AM 
9:35 AM 
9:36 AM 
9:37 AM 
9 : s  AM 
9:39 AM 
9:40 AM 
9:44 AM 
9:45 AM 
9:46AM 
9:47AM 
9:48AM 
9:49 AM 
9:50 AM 
9:51 AM 
9:52 AM 
953 AM 
9:54AM 
9:55 AM 
956 AM 
9:57 AM 
9:58AM 
959 AM 

1O:OO AM 
1O:Ol AM 
10:02 AM 
10:03 AM 
10:04 AM 
10:05 AM 
10:06 AM 
10:07 AM 
10:08 AM 
10:09 AM 
1O:lO AM 
1 O : l l  AM 
10:12 AM 

Mathy Construction 
Hately. WI 

Plant NO. 41 Stack 
1/14/99 
Run 2 

SO2 DDm. W 0 2  %. d c 0 2  %. W 

44.83 11.36 4.73 
44.37 
44.14 
44.98 
44.66 
43.17 

43.11 
43.06 
43.03 
41.11 
42.54 
44.01 
43.95 
43.68 
42.99 
41.78 
41.75 
41.09 
40.97 
40.76 
41.46 
43.38 
43.44 
42.90 
42.03 
41.95 
42.34 
42.57 
41.46 
40.46 
41.55 
44.20 
45.41 
44.08 
42.77 
41.56 
41.94 
43.30 
42.99 

43.oi 

11.39 
11.48 
11.30 
11.45 
11.55 
11.58 
11.61 
11.61 
11.58 
11.80 
11.72 
11.60 
11.49 
11.49 
11.46 
11.53 
11.52 
11.56 
11.58 
11 60 
11.54 
11.54 
11.50 
11.46 
11.48 
11.50 
11.51 
11.52 
11.52 
11.53 
11.33 
11.38 
11.36 
11.42 
11.43 
11.43 
11.42 
11.45 
11.43 

4.73 
4.64 
4.72 
4.68 
4.73 
4.65 
4.63 
4.62 
4.58 
4.71 
4.58 
4.74 
4.70 
4.72 
4.66 
4.59 
4.75 
4.72 
4.64 
4.57 
4.51 
4.73 
4.76 
4.69 
4.63 
4.59 
4.71 
4.80 
4.71 
4.65 
4.73 
4.87 
4.91 
4.81 
4.70 
4.65 
4.75 
4.82 
4.80 
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10:13AM 
10:14 AM 
10:15 AM 
10:16 AM 
10:17 AM 
10:18 AM 
10:19 AM 
10:20 AM 
10:21 AM 
10:22 AM 
10:23 AM 
10:24 AM 
10:25 AM 
10:26 AM 
10:27 AM 
10:28 AM 
10:29 AM 
10:30 AM 
10:31 AM 
10:32 AM 

Average 

43.47 11.43 4.78 
42.96 11.43 4.67 
43.54 11.45 4.74 
43.81 11.48 4.85 
43.48 11.48 4.77 
42.33 11.44 4.73 
42.59 11.41 4.69 
42.98 11.43 4.70 
43.64 11.43 4.85 
42.86 11.56 4.76 
41.33 11.85 4.59 
39.89 11.88 4.55 
39.25 11.69 4.60 
38.62 11.79 4.70 
38.22 11.89 4.59 
38.18 11.94 4.51 
38.27 11.93 4.51 
37.04 11.86 4.48 
36.87 11.95 4.59 
37.70 11.97 4.54 

42.16 11.55 4.68 
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PT. NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

AVERAGE 

Mathy Construction 
Harley, WI 
Plant No. 41 Stack 

VOLUMETRIC FLOW RATE 
NUMBER OF SAMPLE POINTS 

A-1  
-2 
-3 
-4 
-5 
B- 1 
-2 
-3 
-4 
-5 
c-1 
-2 
-3 
-4 
-5 

D-1 
-2 
-3 
-4 
-5 

E-1 
-2 
-3 
-4 
-5 
F- 1 
-2 
-3 
-4 
-5 

MOISTURE CONTENT 

METER VOLUME 
AVERAGE METER TEMP 
GAS METER COEF. (Y) 
GAS METER DELTA H AT 
GRAMS OF WATER 
BAROMETRIC PRESSURE 

STANDARD METER VOLUME 
MOISTURE CONTENT 

DELTA P 
1.20 
1.20 
1.45 
1.50 
1.45 
1.30 
1.40 
1.50 
1.50 
1.40 
0.92 
0.90 
0.60 
1.45 
1.40 
0.73 
1.40 
1.50 
1.30 
0.98 
0.80 
0.92 
1.05 
1.10 
0.75 
0.29 
0.61 
0.64 
0.52 
0.40 
1.07 

DATA 

46.07 
70. 

0.9972 
1.79 
475. 
28.56 

43.871 
33.773 

71 14/99 
Test 1 

30 
sa. RT P 

1.095 
1.095 
1.204 
1.225 
1.204 
1.14 

1.183 
1.225 
1.225 
1.183 
.959 
.949 
.775 
1.204 
1.183 
.E54 
1.183 
1.225 
1.14 
.99 
,894 
.959 
1.025 
1.049 
.E66 
5 3 9  
.781 

.8 
.721 
.632 
1.02 

FLOW RATE 

STATIC PRESSURE 
PITOT COEF. 

DUCT WIDTH(1N) 
DUCT LENTGH(IN) 

Run 2 

TIME TEMP - 
257.4 9:30 A M  
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 
257.4 10:32 A M  
257.4 

-0.94 
0.84 

73 
27 

DUCT AREA (SQ.FT.1 13.6875 
STACK DIA. (IN) 0 
STACK AREA (SQ.FT.) 0.0000 

Page 1 
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MOLECULAR WEIGHT (DRY) 29.553 
OXYGEN % 11.511 MOLECULAR WEIGHT (WET) 25.651 
co 2 % 6.83 STACK PRESSURE 28.491 

FEET PER SECOND 72.355 
STANDARD CFH 2,498,684 ACTUAL CFM 59421.45 

K STANDARD CFM 41.645 DRY STANDARD CFM 27580.02 

Mathy Construction 
Hatley, WI 
Plant No. 4 1  Stack 

FIELD CALCULATIONS 

RAW DATA TABLE 

7/14/99 
Test 1 Run 2 

INSTRUMENT PPM OR % ZERO SPAN GAS 
0 2  (dry) 11.55 0.07 11.04 11 
CO2 (wet) 4.68 0.14 11.08 10.9 
SO2 (wet) 42.16 0.55 88.50 89.8 

MOISTURE 33.77 STANDARD CFH 
FUEL FACTOR C 0 K STANDARD CFM 
DSCFM 27580 

RESULTS 

0 2  % (dry) 11.51 

CO2 % (dry) 6.83 

SO2 ppm (dry) 64.15 SO2 LBSlHR 

Fo 

11.51 dry 
4.52 wet 

42.49 wet 

2,438,684 
41.645 

17.62 

1.375 

Page 2 
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Time 
10% AM 
1056 AM 
1057 AM 
1058 AM 
1059 AM 
11:OOAM 
11 :01 AM 
11:02 AM 
11:03 AM 
11:04AM 
11:05 AM 
11:08AM 
11:09AM 
1 1 : l O  AM 
11:ll AM 
11:12AM 
11 :13 AM 
11:14AM 
11:15AM 
11:16AM 
11:17AM 
11 :18 AM 
11:19 AM 
11:20AM 
11:21 AM 
11:22AM 
11:23AM 
11:24AM 
11:25 AM 
11 :26 AM 
11:27 AM 
11:28AM 
11:29AM 
11 :30 AM 
11 :31 AM 
11:32 AM 
11:33AM 
11:34AM 
11:35AM 
1 1 :36 AM 

Mathy Construction 
Hately, WI 

Plant NO. 41 Stack 
711 4/99 
Run 3 

so2 DDm. W 

41.90 
43.16- 
42.30 
41.33 
40.58 
39.67 
39.25 
38.52 
38.38 
38.15 
37.65 
38.82 
40.29 
40.30 
40.56 
39.1 1 
38.68 
39.25 
39.93 
41.03 
40.87 

40.10. 
39.97 
40.50 
40.06 
40.03 
39.58 
39.40 
39.05 
38.33 
36.78 
36.58 
35.47 
35.56 
35.73 
34.73 
34.68 
34.43 
35.57 

40.36 

I E-9 

0 2  %. d C 0 2  %, w 
12.12 4.46 
12.03 
12.03 
11.96 
11.96 
11.96 
12.05 
12.12 
12.10 
12.07 
12.12 
12.39 
12.12 
12.09 
12.09 
12.12 
12.21 
12.21 
12.12 
12.05 
12.15 
12.20 
12.14 
12.15 
12.22 
12.17 
12.10 
12.04 
12.04 
12.27 
12.34 
12.38 
12.33 
12.32 
12.39 
12.31 
12.32 
12.34 
12.40 
12.34 

4.57 
4.53 
4.47 
4.45 
4.39 
4.47 
4.43 
4.41 
4.39 
4.32 
4.43 
4.48 
4.44 
4.54 
4.47 
4.41 
4.41 
4.46 
4.54 
4.50 
4.40 
4.40 
4.37 
4.47 
4.48 
4.45 
4.44 
4.39 
4.39 
4.42 
4.32 
4.29 
4.28 
4.33 
4.47 
4.41 
4.38 
4.31 
4.42 



11:37AM 
1 1 :38 AM 
11:39 AM 
11:40AM 
11:41 AM 
11:42AM 
11:43AM 
11:44 AM 
11:45AM 
11:46 AM 
11:47AM 
11:48AM 
11:49AM 
11:50AM 
1151 AM 
11:52AM 
1153 AM 
11:SAM 
11:55AM 
11:56 AM 

Average 

36.88 12.36 4.50 
37.08 12.32 4.42 
36.55 12.29 4.35 
35.98 12.43 4.33 
36.41 12.31 4.37 
36.99 12.26 4.57 
36.16 12.39 4.42 
36.35 12.43 4.33 
35.68 12.38 4.29 
35.93 12.34 4.29 
36.78 12.26 4.53 
36.19 12.30 4.41 
35.47 12.40 4.31 
34.80 12.42 4.30 
35.03 12.45 4.29 
36.16 12.40 4.44 
35.21 12.41 4.35 
34.80 12.37 4.29 
34.47 12.40 4.26 
34.24 12.39 4.28 

37.90 12.24 4.41 

F-1n 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Mathy Construction 
Hatley. WI 
Plant No. 41 Stack 

VOLUMETRIC FLOW RATE 
NUMBER OF SAMPLE POINTS 

A-1 
-2 
-3 
-4 
-5 

B- 1 
-2 
-3 
-4 
-5 
c- 1 
-2 
-3 
-4 
-5 

D- 1 
-2 
-3 
-4 
-5 
E- 1 
-2 
-3 
-4 
-5 
F- 1 
-2 
-3 
-4 
-5 

AVERAGE 

MOISTURE CONTENT 

METER VOLUME 
AVERAGE METER TEMP 

. GAS METER COEF. ( Y )  
GAS METER DELTA H AT 
GRAMS OF WATER 
BAROMETRIC PRESSURE 

0 STANDARD METER VOLUME 
MOISTURE CONTENT 

DELTA P 
.78 
1.1 
1.3 
1.3 
1.2 
1.1 
1.2 
1.4 
1.35 
1.2 
1.1 
1.7 
1.6 
1.5 
1.35 
1.6 
1.2 
1.6 
1.4 
1.3 
.62 
.95 
1.2 
.9 

.71 

.38 

.48 

.64 

.54 

.48 

1.106 

DATA 

44.05 
63.9 

0.9972 
1.79 
419. 
28.56 

43.871 
31.027 

SO. RT P 
,883 
1.049 
1.14 
1.14 

1.095 
1.049 
1.095 
1.183 
1.162 
1.095 
1.049 
1.304 
1.265 
1.225 
1.162 
1.265 
1.095 
1.265 
1.183 
1.14 
.787 
3 7 5  
1.095 
.949 
,843 
.616 
.693 

.8 
.735 
.693 

7/14/99 
Test 1 Run3 

1.034 

FLOW RATE 

30 

STATIC PRESSURE 
PITOT COEF. 

DUCT WIDTH(IN) 
DUCT LENTGHUN) 
DUCT AREA (SO.FT.) 
STACK DIA. (IN) 
STACK AREA (SCLFT.) 

TIME TEMP - 
254.3 10:55 A M  
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 
254.3 

254.3 

-0.94 
0.84 

73 
27 

13.6875 
0 
0 

Page 1 



MOLECULAR WEIGHT (DRY) 
OXYGEN % 12.323 MOLECULAR WEIGHT (WET) 
co 2 % 6.185 STACK PRESSURE 

FEET PER SECOND 
STANDARD CFH 2.533.769 ACTUAL CFM 
K STANDARD CFM 42.229 DRYSTANDARDCFM 

Mathy Construction 
Harley. WI 
Plant No. 41 Stack 

7/14/99 
Test 1 Run 3 

INSTRUMENT 
0 2  (dry) 
CO2 (wet) 
SO2 (wet) 

MOISTURE 
FUEL FACTOR C 
DSCFM 

0 2  % (dry) 

C02 36 (dry) 

SO2 ppm (dry) 

FIELD CALCULATIONS 

RAW DATA TABLE 

PPMOR % ZERO SPAN GAS 
12.24 0.04 10.93 11 
4.41 0.14 11.05 10.9 
37.9 0.68 88.55 89.8 

31.03 STANDARD CFH 

29127 
1460 K STANDARD CFM 

RESULTS 

12.32 

6.19 

55.15 SO2 LBSlHR 

29.483 
25.92 

28.491 
73.054 

59995.43 
29127.02 

12.32 dry 
4.27 wet 

38.04 wet 

2,533,769 
42.229 

15.997 

Page 2 
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APPENDIX F 

GAS ANALYZER SPECIFICATIONS 



Servomex 0 

e 
1420 

Oxygen Analyser 
. Instruction ManuaI 

Ref: 01420/001.~0 

e 



1 .3  S ~ U l i n C  svsteq 

T h e  sza.plinq system of -be r?.rlyser inc ludes  a combination 
f i l t e r / a u t o n a t i c  f l o v  c a z t r o l  d e v i c e ,  d e s i q z e l  t o  k e e p  a 
COnStzT.t f l o w  of s m p l e  5 2 s  thzough <-E meas.;ring ce l l  foz 
varying i n p u t  p z e s s u r e s  anZ to prevent t k e  e n t z a c e  o f  
? a r t i c u l a t e  matter into t h e  m t + s - ~ L ~ c j  c e l l .  Excess flow is 
v e n t e d  to t h e  by-?ass. 

- 

1 . 4  S m e c l f i c r t i o n  

perforinance S p e c i f i c a t i o n  (tmica1) 

- 

R e p e a t z b i l i t y :  

Drift : 

O U t p l t  : 

O p t i o n :  

- 
z l o w  22.2-n. o u t 2 u t :  

Bet ter  than i-/-0 - 2 4  0 2  r;neer c o n s t a n t  
conclit ions.  

L e s s  thm 0.2% 02 pez  week ur.de= 
constant cond i t ions .  (Zxcludins 
v a r i a t i o n  due t3 barcmetric eressare 

bazcmetr ic  pressa-2.1 
changes ; r e e d b y  is prooor t iona l  & 

3 1 / 2  2.igit: L a  rtadiE5 0.0 t o  1 0 0 . 0 %  
oxysen wi&& o v e - ~ t ? 5 e  ca2zbi l i tv .  - 
0 to 1V (nan-isolzted) for 0 t o  1005 ox-ger. 
at-eilzh1le on 'D ' type  cor!!ector IoczteE 
or. Lye beck pane l ,  o f  t h e  i z s t rnmen t -  
Out jat  k q e k n c e  is less &&a?- 1 0  o b a s .  

4 - 2Onq Fsole ted ,  KLY i q e e r n c e  5 0 0  o h s .  

C h e n ~ e  over  r e l z y  c o z t c c t  reted e= 
3.V115V zc. LW24OV BC o r  13/28V Zc. 
4 s e t s  of sirrgle ?o le  chan9eover coiltzcts. 
.&la.,n~ becomes a c t i v e  vhez s m p l e  gas f l o w  
-S-~zou~h the a n e l y s e r  f a i l s .  



3esponse t i r e  : L ~ S S  L-m 15 secs-  t o  905 +t an i n l e t  
pressure of 3 ; s i g  (2l:cDa) - 

I c l e = / v e n i  
connectio=s : 1/4 iqch OD t-&e (stainless s=eell 

s i l i t ah l e  fo r  6 m  iD flcxLb1e t d i n c  or  
1/4 inch OD comsression f i t t i n g s .  

. \ !a te r ia ls  eu?oseL 
tC the s+mgle: Stainless s t e e l ,  ?yrex ?lass, brass, 

platinum, epoxy resin;  Viton, 
po lp ropy lene  zziE, qiess f i b r e  f i l t e r .  

Phvs ica l  C h a r a c t e r i s t i c s  

Case: S t e e l  and. +lunL:icm finished in e y x y  
powciez paint - 

C e s e  c l a s s i f i c a t i o n -  I P  20 (IX 5 2 9 )  %hen fitte2 i n t o  the  
Sermmex 1 4 0 0  s e r i e s  19 inch case; 

0 imens ions I See F i m e  2-1. 

Xe i gii t : 

E lec tz Fcel- q 
. .  . xc SCJply: 110 t o  i20v AC cz 220 to. 240v. AC; 

-/-lo%, 48 ta 62%. Voltage selected by 
a v o l t r g e  selec=oz iz tegra l  t o  'A= IEC 
su7oLy plug. . .  

. .  ?cue= reqcireZ : 1 i V A  ~LKLXLEU. 

F-3 



11. SPECIFICATIONS 
MODEL 438 PULSED FLUORESCENCE SO2 AYALYZER 

Ranoes - 
Smdard Mode 
High Rvlge M d e  

Signal Averaging Time For: 
Noise @MS value when sampling x r o  air) 

Lower Detectable Limit (LDL) 
Analyzer Response Time 

0-0.1, 0.2, 0.5, 1, 2, 5 ,  and 10 p p n  
GI, 2, 5, 10, 20, 50, and 100 ppm 

Linearity 

Precision 

Zero Drift 

Span Drift 

Interferenca per EPA levels 
NO 
M-Xylene 
H20 

Temperature D-ndene 
Zero 
s p a  . 

FLOW 

Standard Output 

Optional: Two additional analog outputs 

Optional: Digital O u p t  

Line Power 

Average Power Consumption 

Maximum Steady A.C. Line Current 

Size and Weight 

E- I 
F-4 

&I % of fullscale 

1% of Reading or 1 ppb 

Less than I ppb per day 

1% per d2y 

Less than LDL except for the following 
Less than 3 ppb 
Ltssthan2ppb 
Less than 2% of reading 

0.5 LPM (Standard), I LPM (optional) 

Dual: Sdectable Voltage 

Se!ecta&Ie Voltage, 4-20 mA isolated, 
4-20 mA non-isolated 

Rs-232 

115 VI60 Hz and 220 Vt50 Rz versions 

IC0 wans 

e 1.3 Amp (115 v) 
17'W x 8 314" x Z3'D 44 Ibs. 



C. SPECIFICATIONS 

X+nges Model $I 

Noise 

Model 41X 

Eodel CI 

Model 415 

Minimum Detectable 
Limit Model 4 1  

Model 4 1 H  

Zero Drift, 2 4  hours 
Xodel 4 1  

Model 41H 

Span Drift, 24 hours 

Rise, Fall Times (0-45%) 
(at 1 lorn flow, 30 second 
response time) 

Precision 

Linearity 

Flow Rate 

Rejection Ratio 

Operating Temperature 

Power Requirements 

Physical Dimensions 

Weight 

Dual OuK?uts (Standard) 

0-0.2, 0.5, 1.0, 2 ,  5, 10, 20, 
100, 2 0 0  SPU 

0 - 5 ,  10, 2 0 ,  5 0 ,  100, 2 0 0 ,  5 0 0 ,  
2 0 0 0 ,  5000 PPX 

3 205 W S  - wit5 time constant 
of 5 minutes 

50 '09 W S  - vi'ih time cznstant 
of 5 minutes 

5 ?DB 

100 PPB 

+/- 0 . 0 2  ?PM 

+/- 0.05 PPM 

+/- 2 %  .?ull Scale 

1.5 Minutes 

*.a fLS 

+/- 1 . 5 %  

0 . 5  - 2 lpm 

Negligible interference from 
water and CO 

Pe-T-omance specifications 
maintained over the range 
15-35OC (may be operated safely 
over t t e  range i-4i0c) 

100 Watt a= 105 to 125 VAC, 60 %z 
or 2 0 0  to 240 VAC, 50 Bz 
100 Wat&& 

1794 x 8 3 / 4 V  x 2 3 W  

4 5  lbs. 

Individually selec=able to 
0-lOmv, O-~OOEIV, O-LV, 0-5v, 
0-LOV, d i q i t a l  d i s s l a y ,  1 hour 
incqrated value. 0';ler OUiTEiS 
available upon request 
(4-20ma) 
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Calibration Error 

Cylynder Analyzer 
Value Response Difference 

' 0  

Span % 
Value of 

Mathy Construction 
Hately, WI 

Plant No. 41 Stack 
7/14/99 
Test I 

Zero 
Mid Level 
High Level 

(pprn) ( P P ~ )  (pprn) ( P P ~ )  Span 

134.00 132.32. 1.68 200.00 0.84 

0.00 0.55 0.55 200.00 0.28 
89.80 89.72 0.08 200.00 0.04 

- 
Cylynder Analyzer Span % 

Value Response Difference Value of 
(pprn) ( P P ~ )  (pprn) (pprn) Span 

Mid Level 1 1  .OO 1 1  22 0.22 20.00 1.10 
Zero 0.00 0.14 0.14 20.00 0.70 

High Level 21.00 16.50 4.50 20.00 22.50 - 

Cylynder Analyzer Span 
Value Resmnse Difference Value 

% 
of 

Zero 
Mid Level 
High Level 

.- -~ 
(ppm) (~Prn) (pprn) (pprn) Span 
0.00 0.10 0.10 25.00 0.40 
10.90 10.98 0.08 25.00 0.32 
16.60 20.98 4.38 25.00 17.52 
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APPENDIX H 

CALIBRATION GAS CERTIFICATION SHEETS 
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APPENDIX I 

PROCESS RATE INFORMATION 



OPERATING DATA SUI\.IfilARY FOR ASPHALT PLANT SOURCES Form OAS, 

, 5.t - 
x u  1 

I Run2 

' Run3 

I 

FuelInput Heat Content Heat Input % Recycle' YO -200 fines %Moisture of 
( g a m )  , (Bhdgal-as received) ( B t u h )  (If Used) Virgin Aggregate 

Material 

9 a be the location of the thermocouples reading exiting dryer and mix temperature: 

Note: All information required must be completed and submitted as part of the performance test. Failure to submit 
the required information will result in an incomplete performance test report. 

Page 1 of 2 
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Enviromcnental Programs Daily Tracking Form 

Plant #: y /  Date: ' / / / y / q ?  Soil Remediation: 
I-ocation: . / + p ~ P L f i ~  .. Soil Remediation Performcd:-.->,es&no 
Plant Foreman: 7%~n,v / t l ~  Type:- commercial . own sp i l l  

AIROUALITY R l O N I T ( ? ! W  
Production : 
Total Asphalt Mix Tonnage: 2 / E7, !'J- 
Diesel Fuel Gallons for Gerwrator: 3cTo 

no 

RAP % in mix: RA? tons: 0 

Mix Temperature (degrees :F): 3 8dce 

Fuel Type:&&s% ,,Amt: 3 8 d v  Systems Locked out; yes_,- 

H O ~ S  of 0 p e r a t i o n : Z : : '  
Process fuel: 

Burner Pressure: 28 F1.A Temp:& Petroleum Equipment Maintenance: 

Fuel Type: -. 

Burner Pressure: F1.d Temp: 
Spec. Sheet Delivered: 3:' yes no Weekly SPCC Meeting: X y e s  no 
Baghouse: Containment Water R e l e a s e d : j e s s C _ n o  
Magnehelic dP: d5/6, 0 inches of water 
PhotohelicdP: a~~ ~ ,?f ..- inches of water 

.- 

0 
-. 

Documenred:- ycs 
(If yes. Complete Contaminated Soil 

Tracking form and Monthly Soil 
Remediation Summary [ o m )  

SPILL PREVENTION PLAN (SPCC) 
Plant Inspection Conducted per SPCC 
Inspection Outline (Attachment # 9) 

no #es 

.. Amt: 

(If yes. complete Water Drainage Form) 

,- Optimum photohelic range :?om burner STORMWAIXR RUNOFF OUALITY 
tune-up: . /6 T o  ,&-inches of water Best Mgmt.Practices (BMP)Applied:aes-no 

Photohelic m d f u n c t i o n : - - y e s  K no Petroleum Products S e c u r e : a e s  no 
(If yes, next day DNR noti E cation required) 
Weekly Inspection of drurrr and door seals, bc yes no 

Site RunoffNaturally Contained on Site: 

If no. has containment been constructed: 

Erosion Control Practices used ( i t .  silt fence, 
site seeding, slopes): 

Rain Amount in last 24 hrs: k5 inches 
Any known Pe t ro .Con tamina t ion :yesLno  

ducts.photohelic. damper, & other 
system parts: yes .  n0 d e s  no 

Maintenance Performed:-- 

50,000 ton Blacklight Baglause Inspection: 
_ _ y e =  

Number of Bags Replaced :, 
Fugitive Dust Control: 
Control Measures: X -yes no documentation is covered by SPCC) 

no Sediment Content: 
-Low __ Medium- High 

(Water Containment Drainage 

Water Amt. Applicid: / r 1 0 7 AC 
Chemical Amt. AFIplied: 
Speed Limit Contrd (mph): 0 

- 
To thc best of my abiliry and IO Uie cxtcni ihor I am able IO 
obscrvc under the conditions of Ihis site. I huvc duu dilipenll) 
wrnplctcd 'his daily form. Signature mcvrs that thc inspeclions 
have bccn completed and any ohwrved ddirirocics h w c  hern 

mmunicated 10 thc supen" ' lht lrs .  

PI t man's Signature: 

/oVw2- 
" O y j A  

/ 



APPENDIX J 

PROCEDURES 



5.1.4 Gas Analyzer. An analyzer to determine continuously the 0, or CO, concentration in the 
sample gas stream. The analyzer shall meet the applicable performance specifications of Seaion 
4. A means of controlling the analyzer flow rate and a device for determining proper sample flow 
rate (e.g., precision rotameter, pressure gauge downstream of all flow controls, etc.) shall be 
provided at the analyzer. The requirements for measuring and controlling the analyzer flow rate 
are not applicable i f  data are presented that demonstrate the analyzer is insensitive to flow 
variations over the range encountered during the test. 

5.2 Calibration Gases. The calibration gases for CO, analyzers shall be CO, in N, or CO, in air. 
Alternatively, COJS02, OJSO,, or OJCOJSO, gas mixtures in N, may be used. Three calibration 
gases, as specified Section 5.3.1 through 5.3.3 of'Method 6C, shall be used. For 0, monitors that 
cannot analyze zero gas, a calibration gas concentration equivalent to less than 10 percent of the span 
may be used in place of zero gas. 

. 

6. Measurement Svstem Performance Test Procedures 

Perform the following procedures before measurement of emissions (Section 7). 

6.1 Calibration Concentration Verification. Follow Section 6.1 of Method 6C, except i f  calibration gas 
analysis is required, use Method 3 and change the acceptance criteria for agreement among Method 
3 results to 5 percent (or 0.2 percent by volume, whichever is greater). 

6.2 Interference Response. Conduct an interference response test of the analyzer prior to i t s  initial use 
in the field. Thereafter, recheck the measurement system if  changes are made in the instrumentation 
that could alter the interference response (e.g., changes in the type of gas detector).' Conduct the 
interference response in accordance with Section 5.4 of Method 20. 

6.3 Measurement System Preparation, Analyzer Calibration Error, and Sampling System Bias Check. 
Follow Sections 6.2 through 6.4 of Method 6C. 

7. Emission Test Procedure 

7.1 Selection of Sampling Site and Sampling Points. Select a measurement site and sampling points 
using the same criteria that are applicable to tests performed using Method 3. 

7.2 Sample Collection. Position the sampling probe at the first measurement point, and begin sampling 
at the same rate as used during the sampling system bias check. Maintain constant rate sampling (i.e., 
f 10 percent) during the entire run. The sampling time per run shall be the same as for tests conducted 
using Method 3 plus twice the system response time. For each run, use only those measurements 
obtained after twice the response time of the measurement system has elapsed to determine the average 
effluent concentmtion. 

* 

7.3 Zero and Calibration Drift Test. Follow Section 7.4 of Method 6C. 

8. Oualitv Control Procedures 

The following quality control procedures are recommended when the results of this method are used 
for an emission rate correction faaor, or excess air determination. The tester should select one of the 
following options for validating measurement results: 
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8.1 If both 0, and'CO, aremeasured using Method 3A, the procedures described in Section 1.1 of 
Method 3 should be followed to validate the 0, and CO, measurement results. 

8.2 If only 0, i s  measured using Method 3A, measurements of the sample stream CO, concentration 
should be obtained at the sample by-pass vent discharge using an Orsat or Fyrite analyzer, or 
equivalent. Duplicate samples should be obtained concurrent with at least one run. Average the 
duplicate Orsat or Fyrite analysis results for each run. Use the average CO, values for comparison with 
the 0, measurements in accordance with the procedures described in Section 4.4 of Method 3. 

8.3 If  only CO, i s  measured using Method 3A, concurrent measurements of the sample stream CO, 
concentration should be obtained using an Orsat or Fyrite analyzer as described in Section 8.2. For each 
run, differences greater than 0.5 percent between the Method 3A results and the average of the 
duplicate Fyrite analysis should be investigated. 

9. Emission Calculation 

For all CO, analpers, and for 0, analyzers that can be calibrated with zero gas, follow Section 8 of 
Method 6C, except express all concentrations as percent, rather than ppm. 

For 0, analyzers that use a low-level calibration gas in place of a zero gas, calculate the effluent gas 
concentration using Equation 3A-1. 

Where: 

C,, - Effluent gas concentration, dry basis, percent. , 

L a  - Actual concentration of the upscale calibration gas, percent. 
c, - Actual concentration of the low-level calibration gas, percent. 
C, Average of initial and final system calibration bias check responses for the upscale 

calibration gas, percent. 
c, - Average of initial and final system calibration bias check responses for the low-level 

ga, percent. 

Average gas concentration indicated by the gas analyzer, dry basis, percent. 

- 

- 
C - 

10. Bibliography 

Same as bibliography of Method 6C. 
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Particulate Loading and Emission Rates 

Tne particulate emission rates were determined per €PA Methods 1 - 5, CFR Title so, e 
Part 60, Appendix A (revised July 1, 1992). In this procedure a preliminary velocity profile 

of the gases in the flue i s  obtained by means of a temperature and velocity traverse. On the 

basis of these values, sampling nozzles of appropriate diameter are selected to allow 

isokinetic sampling, a necessary prerequisite for obtaining a representative sample. 

The sampling train consists of a heated glass-lined sampling probe equipped with a 

Type 5 pitot and a thermocouple. The probe is attached to a sampling module which houss 

the all-glass in line filter holder in a temperature controlled oven. The sampling module also 

houses the impinger case and a Drierite filled column. The sampling module i s  connected 

by means of an umbilical cord to the control moduie. The control module houses the dry 

test gas meter, the calibrated orifice, a leakless pump, two inclined manometers, and al l  

controls required for operating the sampling train. 

Particulate samples are collected as follows: T'ne sample gas i s  drawn through the 

sampling probe isokinetically and passed through a Cinch diameter Celman Type NE glass 

fiber filter where particulates are removed. The sample gas i s  then passed through an i ce  

cooled impinger train and a desiccant-packed column which absorbs remaining moisture. 

The sample gas then passes through a vacuum pump followed by a dry test gas meter. I ne 

gas meter integrates the sample gas flow throughout the course of the test. A calibrcted 

orifice attached to the outlet of the gasmeter provide-real time flow rate data. 

e 
-I 

A representative particulate sample was acquired by sampling for equal periods of 
time at the centroid of a number of equal area regions in the duct. The sampling rate is 

adjusted at each test point maintaining isokinetic sampling conditions. Nomographs are used 

for rapid determination of the sampling rate. .~ ,  



Particulate Loading and Emission Rates 

When sampling ,is complete the filter i s  removed with tweezers and placed in a clean container. 

The nozzle, pitot tube and inlet side of the filter holder are quantitatively washed with acetone and the 

washings are stored in a second container. A brush i s  often used in the cleaning step to help dislodge 

deposits. The samples are returned to the laboratory where they are logged in and analyzed. The volume 

of the acetone rinse (“probe wash”) is noted and the rinse i s  transferred to a fared 120 cc porcelain 

evaporating dish. At this elevated temperature 

condensation of atmospheric moisture is prevented. The acetonefree sample i s  then dried at 105 O C  for 

30 minutes, cooled in a desiccator over Drierite, and weighed to the nearest 0.01 mg. The filter sample i s  

transferred to a 6 inch watch glass and dried at 105 OC for two hours. The filter and watch,glass are then 

cooled in a desiccator and the filter weighed to the nearest 0.01 mg. All weighings are performed in a 

balance room where the relative humidity is maintained at less than 50%. Microscopic examination of the 

samples is  performed if  any unusual characteristics are observed. The weight of the acetone rinse blank is 

subtracted from the samples. The Drierite column i s  weighed on-site and the water absorbed by the Drierite 

i s  added to the condensate to give the total amount of absorbed water. 

The acetone is  then evaporated off at 97 - 105 OF. 

. .  
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Method 6C-Determination of Sulfur Dioxide Emissions From Stationary Sources (Instrumental 
Analyzer Procedure) 

1. Aoolicabilitv and Princide 

1.1 Applicability. This method is applicable to the determination of sulfur dioxide (SO,) 
concentrations in controlled and uncontrolled emissions from stationary sources only when 
specified within the regulations. 

1.2 Principle. A gas sample is continuously extracted from a stack, and a portion of the sample 
i s  conveyed to an instrumental analyzer for determination of SO, gas concentration using an 
ultraviolet (Uv), nondispersive infrared (NDIR), or fluorescence analyzer. Performance 
specifications and test procedures are provided to ensure reliable data. 

2. RanEe and Sensitivitv 

2.1 Analytical Range. The analytical range i s  determined by the instrumental design. For this 
method, a portion of the analytical range is  selected by choosing the span of the monitoring 
system. The span of the monitoring system shall be selected such that the pollutant gas 
concentration.equivalent to the emission standard i s  not less than 30 percent of the span. If at 
any time during a run the measured gas concentration exceeds the span, the run shall be 
considered invalid. 

2.2 Sensitivity. The minimum detectable limit depends on the analytical range, span, and 
signal-t-noise ratio of the measurement system. For a well designed system, the minimum 
detectable limit should be less than 2 percent of the span. 0 

3. Definitions 

3.1 Measurement System. The total equipment required for the determination of gas 
concentration. The measurement system consists of the following major subsystems: 

3.1.1 Sample Interface. That portion of a system used for one or more of the following: 
sample acquisition, sample transport, sample conditioning, or protection of the analyzers 
from the effects of the stack effluent. 

3.1.2 Gas Analyzer. That portion of the system that senses the gas to be measured and 
generates an output proportional to its concentration. 

3.1.3 Data Recorder. A strip chart recorder, analog computer, or digital recorder for 
recording measurement data from the analyzer output. 

3.2 Span. The upper limit of the gas concentration measurement range displayed on the data 
recorder. 

3.3 Calibration Gas. A known concentration of a gas in an appropriate diluent gas. 

.- 
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3.4 Analyzer Calibration Error. The difference between the gas concentration exhibited by the 
gas analyzer and the known concentration of the calibration gas when the calibration gas i s  
introduced directly to the analyzer. 

3.5 Sampling System Bias. The diiierence between the gas concentrations exhibited by the 
measurement system when a known concentration gas i s  introduced at the outlet of the 
sampling probe and when the same gas is introduced directly to the analyzer. 

3.6 Zero Drift. The difference in the measurement system output reading from the initial 
calibration response at the zero concentration level after a stated period of operation during 
which no unscheduled maintenance, repair, or adjustment took place. 

3.7 Calibration Drift. The difference in the measurement system output reading from the initial 
calibration response at a mid-range calibration value after a stated period of operation during 
which no unscheduled maintenance, repair, or adjustment took place. 

3.8 Response Time. The amount of time' required for the measurement system . .  to display 95 
percent of a step change in gas concentration on the data recorder. 

3.9 Interference Check. A method for detecting analytical interferences and excessive biases 
through direct comparison of gas concentrations provided by the measurement system and by 
a modified Method 6 procedure. For this check, the modified Method 6 samples are acquired 
at the sample by-pass discharge vent. 

3.10 Calibration Curve. .A graph or other systematic method of establishing the relationship 
between the analyzer response and the actual gas concentration introduced to the analyzer. 

e 

. .  

e 
4. Measurement Svstem Performance Soecifications 

4.1 Analyzer Calibration Error. Less than 
high-range calibration gases. 

4.2 Sampling System Bias. Less than f: 5 percent of the span for the zero, and mid- or 
high-range calibration gases. 

.4.3 Zero Drift. Less than 

4.4 Calibration Drift. Less than f: 3 percent of the span over the period of each run. 

4.5 Interference Check. Less than f: 7 percent of the modified Method 6 result for each run. 

2 percent of the span for the zero, mid-range, and 

3 percent of the span over the period of each run. 

5. Aooaratus and Reacents 

5.1 Measurement System. Any measurement system for SO, that meets the specifications of this 
method. A schematic of an acceptable measurement system is shown in Figure 6C-1. The 
essential components of the measurement system are described below: 

.- 
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5.1.1 Sample Probe. Glass, stainless steel, or equivalent, of sufficient length to traverse the 
sample points. The sampling probe shall be heated to prevent condensation. 

5.1.2 Sample Line. Heated (sufficient to prevent condensation) stainless steel or Teflon 
tubing, to transport the sample gas to the moisture removal system. 

5.1.3 Sample Transport Lines. Stainless steel or Teflon tubing, to transport the sample from 
the moisture removal system to the sample pump, sample flow rate control, and sample gas 
manifold. 

5.1.4 Calibration Valve Assembly. A three-way valve assembly, or equivalent, for 
blocking the sample gas flow and introducing calibration gases to the measurement system 
at the outlet of the sampling probe when in the calibration mode. 

5.1 .5 Moisture Removal System. A refrigerator-type condenser or similar device (e.g., 
permeatign dryer), to remove condensate continuously from the sample gas while 
maintaining minimal contact between the condensate and the sample gas. The moisture 
removal system is not necessary for analyzers that can measure gas concentrations on a wet 
basis; for these analyzers, (1) heat the sample line and all interface Components up to the 
inlet of the analyzer sufficiently to prevent condensation, and (2) determine the moisture 
content and correct the measured gas concentrations to a dry basis using appropriate 
methods, subject to the approval of the Administrator. The determination of sample 
moisture content i s  not necessary for pollutant analyzers that measure concentrations on 
a wet basis when (1) a wet basis CO, analyzer operated according to Method 3A is used 
to obtain simultaneous measurements, and (2) the pollutanVC0, measurements are used 
to determine emissions in units of the standard. 

5.1.6 Particulate Filter. An in-stack or heated (sufficient to prevent water condensation) 
out-of-stack filter. The filter shall be borosilicate or quartz glass wool, or glass fiber mat. 
Additional filters at the inlet or outlet of the moisture removal system and inlet of the 
analyzer may be used to prevent accumulation of particulate material in the measurement 
system and extend the useful life of the components. All filters shall be fabricated of 
materials that are nonreactive to the gas being sampled. 

5.1.7 Sample Pump. A leak-free pump, to pull the sample gas through the system at a flow 
rate sufficient to minimize the response time of the measurement system. The pump may 
be constructed of any material that is nonreactive to the gas being sampled. 

5.1.8 Sample Flow Rate Control. A sample flow rate control valve and rotameter, or 
equivalent, to maintain a constant sampling rate within 10 percent. 

(Note: The tester may elect to install a back-pressure regulator to maintain the sample gas 
manifold at a constant pressure in order to protect the analyzer(s) from over pressurization, 
and to minimize the need for flow rate adjustments.) 

.- a 
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5.1.9 Sample Gas Manifold. A sample gas manifold, to divert a portion.of the sample gas 
stream to the analyzer, and the remainder to the by-pass discharge vent. The sample gas 
manifold should also include provisions for introducing calibration gases directly to the 
analyzer. The manifold may be constructed of any material that i s  nonreactive to the gas 
being sampled. 

5.1.10 Gas Analyzer. A UV or NDlR absorption or fluorescence analyzer, to determine 
continuously the SO, concentration in the sample gas stream. The analyzer shall meet the 
applicable performance specifications of Section 4. A means of controlling the analyzer 
flow rate and a device for determining proper sample flow rate (e.g., precision rotameter, 
pressure gauge downstream of all flow controls, etc.) shall be provided at the analyzer. 

(Note: Housing the analyzer(s) in a clean, thermally-stable, vibration-free environment will 
minimize drift in the analyzer calibration.) 

5.1.1 1 Data Recorder. A strip chart recorder, analog computer, or digital &order, for 
recording measurement data. The data recorder resolution (i.e., readability) shall be 0.5 
percent of span. Alternatively, a digital or analog meter having a resolution'of 0.5 percent 
of span may be used to obtain the analyzer responses and the readings rnay.be recorded 
manually., If this alternative is used, the readings shall be obtained at equally spaced 
intervals over the duration of the sampling run. For sampling run durations of less than 1 
hour, measurements at 1-minute intervals or a minimum of 30 measurements, whichever 
is less restrictive, shall be obtained. For sampling run durations greater than 1 hour, 
measurements at 2-minute intervals or a minimum of 96 measurements, whichever is less 
restrictive, shall be obtained. 

e 

5.2 Method 6 Apparatus and Reagents. The apparatus and reagents described in Method 6, and 
shown by the schematic of the sampling train in Figure 6C-2, to conduct the interference check. 

5.3 SO2 Calibration Gases. The calibration gases for the gas analyzer shall be SO, in N, or SO, 
in air. Alternatively, SOJCO,, SOJO,, or SOJCOJO, gas mixtures in N, may be used. For 
fluorescence-based analyzers, the 0, and CO, concentrations of the calibration gases as 
introduced to the analyzer shall be within 1 percent (absolute) 0, and 1 percent (absolute) CO, 
of the 0, and Co, concentrations of the effluent samples as introduced to the analyzer. 
Alternatively, for fluorescence-based analyzers, use calibration blends of SO, in air and the 
nomographs provided by the vendor to determine the quenching correction factor (the effluent 
0, and CO, concentrations must be known). Use three calibration gases as specified below: 

5.3.1 High-Range Gas. Concentration equivalent to 80 to 100 percent of the span. 

5.3.2 Mid-Range Gas. Concentration equivalent to 40 to 60 percent of the span. 

5.3.3 Zero Cas. Concentration of less than 0.25 percent of the span. Purified ambient air 
may be used for the zero gas by passing air through a charcoal filter, or through one or 
more impingers containing a solution of 3 percent H,O,. 

.- 
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6. Measurement Svstem Performance Test Procedures 

Perform the following procedures before measurement of emissions (Section 7)  

6.1 Calibration Cas Concentration Verification. There are two alternatives for establishing the 
concentrations of calibration gases. Alternative Number 1 i s  preferred. 

0 

6.1.1 Alternative Number 1-Use of calibration gases that are analyzed following the 
Environmental Protection Agency Traceability Protocol Number 1 (see Citation 1 in the 
Bibliography). Obtain a certification from the gas manufacturer that Protocol Number 1 was 
followed. 

0 

e 

6.1.2 Alternative Number 2-Use of calibration gases not prepared according to Protocol 
Number 1. If this alternative is chosen, obtain gas mixtures with a manufacturer’s tolerance 
not to exceed + 2 percent of the tag value. Within 6 months before the emission test, 
analyze each of the calibration gases in triplicate using Method 6. Citation 2 in the 
Bibliography describes procedures and techniques that may be used for this analysis. 
Record the results on a data sheet (example is shown in Figure 6C-3). Each of the individual 
SO, analytical results for each calibration gas shall be within 5 percent (or 5 PPM, 
whichever is greater) of the triplicate set average; otherwise, discard the entire set, and 
repeat the triplicate analyses. If the average of the triplicate analyses is within 5 percent of 
the calibration gas manufacturer‘s cylinder tag value, use the tag value; otherwise, conduct 
at least three additional analyses until the results of six consecutive runs agree with 5 
percent (or 5 PPM, whichever is greater) of their average. Then use this average for the 
cylinder value. 

6.2 Measurement System Preparation. Assemble the measurement system by following the 
manufacturer’s written instructions for preparing and preconditioning the gas analyzer and, as 
applicable, the other system components. Introduce the calibration gases in any sequence, and 
make all necessary adjustments to calibrate the analyzer and the data recorder. Adjust system 
components to achieve correct sampling rates. 

6.3 Analyzer Calibration Error. Conduct the analyzer calibration error check by introducing 
calibration gases to the measurement system at any point upstream of the gas analyzer as 
follows: 

6.3.1 After the measurement system has been prepared for use, introduce the zero, 
mid-range, and high-range gases to the analyzer. During this check, make no adjustments 
to the system except those necessary to achieve the correct calibration gas flow rate at the 
analyzer. Record the analyzer responses to each calibration gas on a form similar to Figure 
6C-4. 

Note: A calibration curve established prior to the analyzer calibration error check may be 
used to convert the analyzer response to the equivalent gas concentration introduced to the 
analyzer. However, the same correction procedure shall be used for all effluent and 
calibration measurements obtained during the test. 

.- 
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discharge vent. Record the initial dry gas meter reading. 

6.3.2 The analyzer calibration error check shall be considered invalid if the gas 
concentration displayed by the analyzer exceeds f 2 percent of the span for any of the 
calibration gases. If an invalid calibration i s  exhibited, take corrective action, and repeat 
the analyzer calibration error check until accegable performance is achieved. 

e 
6.4 Sampling System Bias Check. Perform the sampling system bias check by introducing 
calibration gases at the calibration valve installed at the outlet of the sampling probe. A zero gas 
and either the mid-range or high-range gas, whichever most closely approximates the effluent 
concentrations, shall be used for this check as follows: 

6.4.1 introduce the upscale calibration gas, and record the gas concentration displayed by 
the analyzer on a form similar to Figure 6C-5. Then introduce zero gas, and record the gas 
concentration displayed by the analyzer. During the sampling system bias check, operate 
the system at the normal sampling rate, and make no adjustments to the measurement 
system other than those necessary to achieve proper calibration gas flow rates at the 
analyzer. Alternately introduce the zero and upscale gases until a stable response i s  
achieved: The tester shall determine the measurement system response time by observing 
the times required to achieve a stable response for both the zero and upscale gases. Note 
the longer of the two times as the response time. 

6.4.2 Thesampling system bias check shall be considered invalid i f  the difference between 
the gas concentrations displayed by the measurement system for the analyzer calibration 
error check and for the sampling system bias check exceeds 5 percent of the span for 
either the zero or upscale calibration gas. If an invalid calibration i s  exhibited, take 
corrective action, and repeat the sampling system bias check until acceptable performance 
-is achieved. if adjustment to the analyzer is required, first repeat the analyzer calibration 
error check, then repeat the sampling system bias check. 

7. Emission Test Procedure 

7.1 Selection of Sampling Site and Sampling Points. Select a measurement site and sampling 
points using the same criteria that are applicable to Method 6. 

7.2 Interference Check Preparation. For each individual analyzer, conduct an interference 
check for at least three runs during the initial field test on a particular source category. Retain 
the results, and report them with each test performed on that source category. If an interference 
check is being performed, assemble the modified Method 6 train (flow control valve, two 
midget impingers containing 3 percent H,O,, and dry gas meter) as shown in Figure 6C-2. 
install the sampling train to obtain a samde at the measurement system sample by-pass 



7.3 Sample Collection. Position the sampling probe at the first measurement point, and begin 
sampling at the same rate as used during the sampling system bias check. Maintain constant rate 
sampling (i.e., c 10 percent) during the entire run. The sampling time per run shall be the same 
as for Method 6 plus twice the system response time. For each run, use only those 
measurements obtained after twice response time of the measurement system has elapsed, to 
determine the average effluent concentration. If an interference check i s  being performed, open 
the flow control valve on the modified Method 6 train concurrent with the initiation of the 
sampling period, and adjust the flow to 1 liter per minute (+ 10 percent). 

(Note: If a pump is not used in the modified Method 6 train, caution should be exercised in 
adjusting the flow rate since overpressurization of the impingers may cause leakage in the 
impinger train, resulting in positively biased results). 

7.4 Zero and Calibration Drift Tests. Immediately preceding and following each run, or if 
adjustments are necessary for the measurement system during the run, repeat the sampling 
system bias check procedure described in Section 6.4 (Make no adjustments to the measurement 
system until after the drift checks are completed.) Record and analyzer's resp,onses on a form 
similar to Figure 6C-5. 

0 

7.4.1 If either the zero or upscale calibration value exceeds the sampling system bias 
specification, then the run is considered invalid. Repeat both the analyzer calibration error 
check procedure (Section 6.31 and the sampling system bias check procedure (Section 6.4) 
before repeating the run. 

7.4.2 If both the zero and upscale calibration values are within the sampling system bias 
specification, then use the average of the initial and final bias check values to calculate the 
gas concentration for the run. If the zero or upscale calibration drift value exceeds the drift 
limits, based on the difference between the sampling system bias check responses 
immediately before and after the run, repeat both the analyzer calibration error check 
procedure (Section 6.3) and the sampling system bias check procedure (Section 6.4) before 
conducting additional runs. 

7.5 Interference Check (if performed). After completing the run, record the final dry gas meter 
reading, meter temperature, and barometric pressure. Recover and analyze the contents of the 
midget impingers, and determine the SO2 gas concentration using the procedures of Method 6. 
(It i s  not necessary to analyze EPA performance audit samples for Method 6.) Determine the 
average gas concentration exhibited by the analyzer for the run. If the gas concentrations 
provided by the analyzer and the modified Method 6 differ by more than 7 percent of the 
modified Method 6 result, the run is invalidated. 
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8. Emission Calculation 

The average gas effluent concentration i s  determined from the average gas concentration 
displayed by the gas analyzer, and is adjusted for the zero and upscale sampling system bias checks, 
as determined in accordance with Section 7.1. The average gas concentration displayed by the 
analyzer may be determined by integration of the area under the curve for chart recorders, or by 
averaging all of the effluent measurements. Alternatively, the average may be calculated from 
measurements recorded at equally spaced intervals over the entire duration of the run. For sampling 
run durations of less than 1 hour, measurements at 1-minute intervals or a minimum of 30 
measurements, whichever is less restrictive, shall be used. For sampling run durations greater than 
1 hour, measurements at 2-minute intervals or a minimum of 96 measurements, whichever is less 
restrictive, shall be used. Calculate the effluent gas concentration using Equation 6C-1. 

Where: 

C,, - Effluent gas concentration, dry basis, PPM. 

C - Average gas concentration indicated by gas analyzer, dry basis, PPM. 

Co - Average of initial and final system calibration bias check responses for the zero gas, PPM. 

C, - Average of initial and final system calibration bias check responses for the upscale 
calibration gas, PPM. 

C, - Actual concentration of the upscale calibration gas, PPM. 

- 
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METHOD 2 
CPLLCbJATION EOU.4TIONS 

, .  

4.995 Q, Gd 
m . .  

I 1 - B, 

4.585 x lo-* Pp, 
P =  

T, 

'Alternate equations for calculating moismre content from wet bulb and dry bulb data. 
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SY3IBOLS 

Cross Sectional area of stack. SQ. FT. 

Cross sectional area of noale, SQ. FT. 

Water vapor in gas stream, propodon by volume 

Pitot tube coefficient, dimensionless 

Concentration of particulate matter in stack gas, wet basis, GWACF 

Concentration of particulate matter in stack gas, dry basis, corrected to standard 
conditions, GFUDSCF 

Excess air, percent by volume 

Dry test meter correction factor, dimensionless 

Specific gravity (rslative to air), dimensionless 

Isokinetic variation, percent by volume 

Molecular weight of stack gas, dry basis, dg - mole. 

Mass flow of  wet flue gas, LB/HR 

Particulate mass flow, LB/HR 

Molecular weight of stack gas, wet basis, g/g mole. 

Total amount of particulate matter collected, g 

Atmospheric pressure, IN. HG. (uncompensated) 

Stack static gas pressure, IN. WC. 

Absolute pressure of stack gas, M. HG. 

Standard absolute pressure, 29.92 IN. HG. 

Actual volumetric stack gas flow rate, ACFM 

Dry volumetric stack gas flow rate corrected to standard conditions, DSCFM 

Relative humidity, % 

e 
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Tdb 

- 
AH 

AP 

7 

P 

- - 
- - 

Dry bulb temperature of stack gas, "F 

Wet bulb temperature of stack gas, "F 

Absolute average dry gas meter temperature, "R 

Absolute average stack temperature, "R 

Standard absolute tempemure, 528 "R (68 "F) 

Total sampling time, min. 

Total volume of liquid collected in impinges and silica gel, mi 

Volume of gas sample as measured by dry gas meter, CF 

Volume of gas sample measured by the dry g u  meter corrected to standard 
conditions, DSCF 

Volume of water vapor in the gas sample corrected to standard conditions, SCF 

Average actual stack gas velocity, FT/SEC 

Vapor pressure at T,, IN. HG. 

Vapor pressure at T*, IN. HG. 

Average pressure differential across the orifice meter, IN. WC. 

Velocity pressure of stack gas, IN. WC. 

Dry test meter correction coefficient, dimensionless 

Actual gas density, LB/ACF 

- - 
= 

- - 
- - 
- - 
- - 
= 

- - 
- - 
- - 
- - 
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METHOD 3 
CALCLZATION EOU.*TIONS 

lo0(%O2 - 0.5% CO) 
%E4 = 

0264% N, - %O, + 0.5% CO 

Md = 0.44(%C02) + 0.32 (%OJ + 0.28 (%N2 + %CO) 

M, = Md (I - E,J + 0.18 E- 

e 
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METHOD 5 
CALCULATION EQUATIONS 

Vw = 0.0472 V, 

*&s) V d d  ) I = 0.0944 ( 
P, v, A ,  e (I - B,J 

15.43 M p  

v-w 
c, = 

(??id, = 8.5714 x C, Q,, 

032 294C:\STAC:OWPUIETHOOS+EQ. 1 5 

5 

v c  



1.3228 x IO-' hf- A 
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CALCULATION OF (GRiDSCF) AND 
(LB/'HR) FROM (PPM,D) 

ppn = - = -  UL mL 
L m3 

. LE UL 28.316 L - M iuq) q LB 
X X- - DSCF L DSCF 24054 UL io6"gx453.6 g 

-=- 

OR,. . . . 

= 2.595~ 10-9 M (ppm,d) 
- LB 
DSCF 

where M = r-;olecular weight of compound. 
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